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(54) Abstract Title: DRAM storage capacitor electrodes 

(57) The storage electrodes comprise conductive lines 250 in 
contact with a contact plug 185. The conductive lines may 
be formed by depositing conductive spacers on a patterned 
insulating mould layer template. Sequential fabrication of 
insulating and conductive spacers increases the number of 
vertically arranged fins contacting each plug which 
increases the surface area of the capacitor. Insulating 
support structures 240 are also provided for the capacitor 
fins. The capacitor electrodes may be formed to have 
straight or a curved profile (figure 14). 
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SEMICONDUCTOR MEMORY DEVICES AND METHODS FOR 
MANUFACTURING THE SAME USING SIDEWALL SPACERS 

Field of the Invention 

The present invention relates to semiconductor memory devices and methods 
for manufacturing the same, and more particularly to storage nodes for semiconductor 
memory devices and methods for manufacturing the same. 

5 

Background of the Invention 

As semiconductor memory devices have become highly integrated, the areas 
of unit cells and the distances between cells may be reduced. However, capacitors 
having a large capacitance within small areas are desired, to provide predetermined 

10 capacitances. As is well known to those having skill in the art, semiconductor 

memory device capacitors include a lower electrode, also referred to as a storage node 
electrode, an upper electrode, also referred to as a plate electrode, and a dielectric 
layer therebetween. Conventional methods for securing large capacitances of the 
capacitors include using a high dielectric material as the dielectric layer, reducing the 

15 thickness of a dielectric layer, and/or increasing the surface area of storage node 
electrodes of the capacitors. 

A method for increasing the surface area of the storage node electrodes 
includes forming three-dimensional storage node electrodes, for example, cylindrical 
or concave electrodes. 

20 FIG. 1 is a sectional view illustrating conventional concave storage node 

electrodes. 

Referring to FIG. 1, an interlevel insulating layer 12 is formed on a 
semiconductor substrate 10 having circuit devices (not shown), such as MOS 
transistors. The interlevel insulating layer 12 includes storage node contact plugs 14 

25 that are widely known to connect a source region (not shown) of a selected MOS 
transistor with storage node electrodes 16, which will be formed in a subsequent 
process. Thereafter, the cup-shaped concave storage node electrodes 16 are formed 
on the predetermined portions of the storage node contact plugs 14 and the interlevel 
insulating layer 12. A method for forming the concave storage node electrodes 16 is 

30 as follows. First, a mold oxide layer (not shown) having a predetermined thickness is 
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deposited on the interlevel insulating layer 12 including the storage node contact 
plugs 14. The mold oxide layer is etched into hole shapes until exposing the storage 
node contact plugs 14, thereby defining a region for forming the storage node 
electrodes. Thereafter, a conductive layer (not shown) and a node isolation insulating 
layer (not shown) are subsequently formed on the mold oxide layer so as to contact 
the exposed storage node contact plugs 14. The conductive layer and the node 
isolation insulating layer are chemical mechanical polished to expose the surface of 
the mold oxide layer. Thereafter, the node isolation insulating layer and the mold 
oxide layer are removed by a conventional method so that the concave storage node 
electrodes 16 are formed. 

However, the concave storage node electrodes formed by the above-described 
method may have the following problems. 

In order to manufacture the storage node electrodes having large capacitance, 
the height of the storage node electrodes may need to be increased within a limited 
area. In addition, in order to increase the height of the storage node electrodes, the 
thickness of the mold oxide layer may need to be increased. In this case, when the 
mold oxide layer is etched to define the region for forming the storage node 
electrodes, a large slope may occur on the sidewalls of the holes, and the critical 
dimension of the exposed storage node contact holes may be reduced. Accordingly, 
the lower portions of the thin and high storage node electrodes may become narrower 
so that the storage node electrodes may become unstable. In addition, the distance 
between adjacent storage node electrodes may be reduced so that it may be difficult to 
provide insulation between the storage node electrodes. 

Furthermore, due to thermal stress generated in subsequent processes, some of 
the weak storage node electrodes may fall or break and generate bridges between unit 
storage node electrodes, thereby causing defects in the device. 

Summary of the Invention 

An aspect of the present invention provides a semiconductor memory device 
comprising a semiconductor substrate, an interlevel insulating layer on the 
semiconductor substrate, storage node contact plugs in the interlevel insulating layer, 
and storage node electrodes, which comprise a plurality of conductive line patterns 
separated in predetermined intervals while having a predetermined height, contacting 
the storage node contact plugs, wherein, the storage node electrodes are separated by 



insulating line patterns between selected storage node electrodes in units of a unit cell 
of the memory device. 

Another aspect of the present invention provides a semiconductor memory 
device comprising an interlevel insulating layer on a semiconductor substrate 
5 including a plurality of active regions, a plurality of word line structures passing over 
the active regions, source and drain regions on the active regions at respective sides of 
the word line structures, and a plurality of bit line structures crossing the word line 
structures, electrically connecting to the drain regions, and passing between the active 
regions; etch stoppers on the interlevel insulating layer; storage node contact plugs 

10 formed in the interlevel insulating layer and the etch stoppers; storage node 
electrodes, which comprise a plurality of conductive line patterns separated in 
predetermined intervals while having a predetermined height, contacting to the 
storage node contact plugs; and supporters between the storage node electrodes and 
extending perpendicular to an extending direction of the line patterns of the storage 

1 5 node electrodes. In these embodiments, the plurality of line patterns are formed into 
straight lines. 

Another aspect of the present invention provides a semiconductor memory 
device comprising an interlevel insulating layer on a semiconductor substrate 
including a plurality of active regions, a plurality of word line structures passing over 

20 the active regions, source and drain regions on the active regions at respective sides of 
the word line structures, and a plurality of bit line structures crossing the word line 
structures, electrically connecting to the drain regions, and passing between the active 
regions; etch stoppers on the interlevel insulating layer; storage node contact plugs in 
the interlevel insulating layer and the etch stoppers; storage node electrodes, which 

25 comprise a plurality of conductive line patterns separated in the same intervals while 
having a specific height, contacting the storage node contact plugs; and supporters 
between the storage node electrodes while being perpendicular to an extending 
direction of the line patterns of the storage node electrodes. In these embodiments, 
the plurality of line patterns are formed in the shape of waves in a plan view. 

30 In another aspect of the present invention, there are provided methods of 

manufacturing a semiconductor memory device. In these methods, an interlevel 
insulating layer is deposited on a semiconductor substrate, and a plurality of storage 
node contact plugs are formed in the interlevel insulating layer in specific intervals. 
Thereafter, mold oxide layer patterns are formed on the interlevel insulating layer in 
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specific intervals to expose the storage node contact plugs, and the spaces between the 
mold oxide layer patterns are filled by alternately forming conductive line patterns 
and insulating line patterns, repeatedly, on the sidewalls of the mold oxide layer 
patterns. Grooves are formed perpendicular to the mold oxide layer patterns by 
etching portions of the mold oxide layer patterns, the conductive line patterns, and the 
insulating line patterns. Storage node electrodes are formed by selectively removing 
the mold oxide layer patterns and the insulating line patterns. 

In a yet further aspect of the present invention, there are provided methods for 
manufacturing a semiconductor memory device. In these methods, a semiconductor 
substrate, which includes a plurality of active regions, a plurality of word line 
structures passing over the active regions, source and drain regions formed on the 
active regions at respective sides of the word line structures, and a plurality of bit line 
structures crossing the word line structures, electrically connecting to the drain 
regions, and passing between the active regions, is prepared. An interlevel insulating 
layer is formed on the semiconductor substrate, etch stoppers are formed on the 
interlevel insulating layer, and storage node contact plugs are formed in the interlevel 
insulating layer and the etch stoppers at specific intervals. Thereafter, a plurality of 
mold oxide layer patterns are formed on the etch stoppers at specific intervals to 
expose the storage node contact plugs. The spaces between the mold oxide layer 
patterns are filled by alternately forming at least one conductive line pattern and 
insulating line pattern on the sidewalls of the mold oxide layer patterns in order to 
follow the shape of the mold oxide layer patterns. Grooves are formed perpendicular 
to the mold oxide layer patterns by etching portions of the mold oxide layer patterns, 
the conductive line patterns, and the insulating line patterns. Thereafter, supporters 
are formed in the grooves, and storage node electrodes are formed by selectively 
removing the mold oxide layer patterns and the insulating line patterns. In these 
embodiments, the mold oxide layer patterns extend into straight lines and the mold 
oxide layer patterns and the supporters separate the storage node electrodes in units of 
each cell. 

In a still other aspect of the present invention, there are provided methods for 
manufacturing a semiconductor memory device. In these methods, a semiconductor 
substrate, which includes a plurality of active regions, a plurality of word line 
structures passing over the active regions, source and drain regions formed on the 
active regions at respective sides of the word line structures, and a plurality of bit line 



structures crossing the word line structures, electrically connecting to the drain 
regions, and passing between the active regions, is prepared. An interlevel insulating 
layer is formed on the semiconductor substrate, and etch stoppers are formed on the 
interlevel insulating layer. Thereafter, storage node contact plugs are formed in the 
5 interlevel insulating layer and the etch stoppers at specific intervals, and a plurality of 
mold oxide layer patterns, which are formed in the shape of waves on a plan view, are 
formed on the etch stoppers to expose the storage node contact plugs. The spaces 
between the mold oxide layer patterns are filled by alternately forming at least one 
conductive line pattern and insulating line pattern on the sidewalls of the mold oxide 

10 layer patterns in order to follow the shape of the mold oxide layer patterns. 

Thereafter, grooves are formed perpendicular to the mold oxide layer patterns by 
etching portions of the mold oxide layer patterns, the conductive line patterns, and the 
insulating line patterns. Supporters are formed in the grooves, and storage node 
electrodes are formed by selectively removing the mold oxide layer patterns and the 

1 5 insulating line patterns. In these embodiments, the mold oxide layer patterns and the 
supporters separate the storage node electrodes in units of each cell. 

Another aspect of the present invention provides a storage node for a 
semiconductor memory device which includes a pair of spaced apart mold oxide layer 
patterns on a semiconductor memory device substrate that defines facing mold oxide 

20 layer pattern sidewalls. A pair of first conductive spacers are provided, a respective 
one of which is on a respective one of the facing mold oxide layer pattern sidewalls 
and face one another. A pair of first insulating spacer is provided, a respective one of 
which is on a respective one of the pair of first conductive spacers, opposite the 
respective one of the facing mold oxide layer pattern sidewalls. A pair of second 

25 conductive spacers is provided, a respective one of which is on a respective one of the 
pair of first insulating spacers, opposite the respective one of the pair of first 
conductive spacers. At least one second insulating spacer is provided between the 
pair of second conductive spacers. In some embodiments, a single insulating spacer 
extends between the pair of second conductive spacers. 

30 Storage nodes may be fabricated according to some embodiments of the 

present invention by forming spaced apart mold oxide layer patterns on a 
semiconductor memory device substrate that define facing mold oxide layer pattern 
sidewalls. A first conductive spacer is formed on each of the facing mold oxide layer 
pattern sidewalls. A first insulating spacer is formed on each of the first conductive 
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spacers. A second conductive spacer is formed on each of the first insulating spacers 
and at least a second insulating spacer is formed on the second conductive spacers. In 
some embodiments, the first conductive spacers, the first insulating spacers and the 
second conductive spacers are formed by conformally forming a conductive or 
insulating layer on the facing mold oxide layer pattern sidewalls and on the 
semiconductor memory device substrate therebetween, and then anisotropically 
etching the conductive or insulating layer to remove at least some the layer that is on 
the semiconductor memory device substrate therebetween. 

In other embodiments of the invention, a storage node for a semiconductor 
memory device includes a plurality of freestanding storage node electrodes that 
project away from a semiconductor memory device substrate by a first distance. A 
supporter is configured to support at least one of the freestanding storage node 
electrodes and projects away from the semiconductor memory substrate by a second 
distance that is less than the first distance. In other embodiments, the plurality of 
freestanding storage nodes extend along two spaced apart rows, and the supporter 
extends between the two spaced apart rows. Storage nodes may be fabricated by 
forming the freestanding storage node electrodes and then forming the supporter to 
support at least one of the freestanding storage node electrodes. 

Brief Description of the Drawings 

FIG. 1 is a sectional view illustrating a conventional semiconductor memory 
device having concave storage node electrodes; 

FIGS. 2 A through 2D are plan views of stages in the manufacture of a 
semiconductor memory device according to first embodiments of the present 
invention; 

FIGS. 3 A through 3C are sectional views of stages in the manufacture of a 
semiconductor memory device according to the first embodiments of the present 
invention; 

FIG. 4 is a perspective view illustrating a semiconductor memory device 
according to the first embodiments of the present invention; 

FIG. 5 is a plan view illustrating a modified semiconductor memory device 
according to the first embodiments of the present invention; 



FIGS. 6 A through 6D are plan views of stages in the manufacture of a 
semiconductor memory device according to second embodiments of the present 
invention; 

FIGS. 7 A and 7B are sectional views of stages in the manufacture of a 
5 semiconductor memory device according to the second embodiments of the present 
invention; 

FIG. 8 is a perspective view illustrating a semiconductor memory device 
according to the second embodiments of the present invention; 

FIG. 9 is a plan view illustrating a modified semiconductor memory device 
10 according to the second embodiments of the present invention; 

FIGS. 10A through 10C are sectional views of stages in the manufacture of a 
semiconductor memory device according to third embodiments of the present 
invention; 

FIGS. 1 1 A through 1 ID are plan views of stages in the manufacture of a 
15 semiconductor memory device according to fourth embodiments of the present 
invention; 

FIGS. 12A and 12B are sectional views of stages in the manufacture of a 
semiconductor memory device according to the fourth embodiments of the present 
invention; 

20 FIGS. 13 and 14 are perspective views illustrating a semiconductor memory 

device according to the fourth embodiments of the present invention; 

FIG. 15 is a plan view illustrating a modified semiconductor memory device 
according to the fourth embodiments of the present invention; 

FIG. 16 is a plan view illustrating another modified semiconductor memory 
25 device according to the fourth embodiments of the present invention; 

FIGS. 17A and 17B are plan views of stages in the manufacture of a 
semiconductor memory device according to fifth embodiments of the present 
invention; and 

FIG. 1 8 is a plan view illustrating a modified semiconductor memory device 
30 according to the fifth embodiments of the present invention. 

Detailed Description 

The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which embodiments of the invention are 
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shown. However, this invention should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments are provided so that this 
disclosure will be thorough and complete, and will fully convey the scope of the 
invention to those skilled in the art. In the drawings, the thickness of layers and 
5 regions are exaggerated for clarity. Like numbers refer to like elements throughout. 
It will be understood that when an element such as a layer, region or substrate is 
referred to as being "on" or extending "onto" another element, it can be directly on or 
extend directly onto the other element or intervening elements may also be present. 
In contrast, when an element is referred to as being "directly on" or extending 
10 "directly onto" another element, there are no intervening elements present. 



First Embodiments 

Referring to FIGS. 2A and 3 A, an isolation layer 110 is formed in a selected 
region of a semiconductor substrate 100 by a conventional STI method, thereby 

15 defining active regions 115 on which devices will be formed. Here, the 

semiconductor substrate 100 may be a silicon substrate including P-type or N-type 
impurities and may include wells in a predetermined region to form a device. The 
active regions 115, formed in, for example, a bar shape, are spaced apart by a 
predetermined distance in rows and columns. Here, the active regions 115 are 

20 arranged to alternate by each row. In other words, the spaces between the adjacent 
active regions 115 correspond to the central portions of the active regions of the 
subsequent row in the direction of the longer axis of the active regions 115. Here, the 
central portions of the active regions will be drain regions. 

Thereafter, word line structures 120 are formed on the semiconductor 

25 substrate 100. Here, the word line structures 120 are extended to be parallel with one 
another while being perpendicular to the longer axis of the active regions 115. In 
addition, a pair of word line structures 120 may be arranged for each of the active 
regions 115. Source and drain regions (not shown) are formed in the active regions 
115 at both sides of the word line structures 120 by a conventional method. 

30 A first interlevel insulating layer 130 is formed on the semiconductor substrate 

100 having the word line structures 120 and on the source and drain regions. First 
and second contact pads 140a and 140b, which contact the source and drain regions 
while having the same height as the first interlevel insulating layer 130, are formed in 
the first interlevel insulating layer 130. A method for forming the first and second 
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contact pads 140a and 140b will now be described. After the first interlevel 
insulating layer 130 is formed, the first interlevel insulating layer 130 is etched to 
expose the source and drain regions. A conductive layer, for example, a doped 
polysilicon layer, is deposited to contact the exposed source and drain regions, and the 
5 conductive layer is etched back or chemical mechanical polished so as to expose the 
surface of the first interlevel insulating layer 130. Accordingly, the first and second 
contact pads 140a and 140b are formed. Here, the first and second contact pads 140a 
and 140b contact the drain region and the source regions, respectively. 

A second interlevel insulating layer 150 is formed on the first interlevel 

10 insulating layer 130 and bit line structures 165 are formed on the second interlevel 
insulating layer 150. Here, the bit line structure 165 includes a bit line 160, a mask 
layer 162 formed on the bit line 160, and spacers 164 formed on both walls of the bit 
line 160 and the mask layer 162. The mask layers 162 and the spacers 164, formed 
of, for example, silicon nitride layers, are formed to surround the bit lines 160 in order 

15 to form self-aligned contact holes when forming storage node contact holes. In 
addition, in some embodiments, the bit line structures 165 are formed to be 
perpendicular to the word line structures 120 and that the bit line structures 165 are 
arranged on the isolation layer 110 between the active regions 115 while being 
parallel to the longer axis of the active regions. Here, though not shown in the 

20 drawings, bit line contact plugs for connecting the first contact pads 140a and the bit 
line structures 165 are formed in the second interlevel insulating layer 150 by a 
conventional method, before forming the bit line structures 165. 

A third interlevel insulating layer 170 and etch stoppers 175 are sequentially 
formed on the second interlevel insulating layer 150 having the bit line structures 165. 

25 Here, the first through third interlevel insulating layers 130, 150, and 170 may be 
formed of, for example, insulating layers of the silicon oxide layer group. The etch 
stoppers 175 are formed of insulating layers, for example, silicon nitride layers, 
having an etching selectivity different from the etching selectivities of the second and 
third interlevel insulating layers 150 and 170. The etch stoppers 175, the third 

30 interlevel insulating layer 170, and the second interlevel insulating layer 150 are 

etched to expose the second contact pads 140b, which contact the source regions, so 
that storage node contact holes 180 are formed. Here, the storage node contact holes 
180 are formed by a self-aligning method using the bit line structures 165. Thereafter, 
a conductive layer, for example, a doped polysilicon layer, is deposited to sufficiently 
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fill the storage node contact holes 180, and the doped polysilicon layer is chemical 
mechanical polished to expose the etch stoppers 175. Accordingly, storage node 
contact plugs 185 are formed. Other conventional techniques for forming a 
semiconductor memory device substrate may be used. 

A mold oxide layer is formed on the storage node contact plugs 185 and the 
etch stoppers 175 to a predetermined thickness. In some embodiments, the mold 
oxide layer for determining the height of the storage node electrodes is formed to a 
height higher than the desired height of the storage node electrodes by a 
predetermined height, considering that the mold oxide layer will be chemical 
mechanical polished to the predetermined height in the present embodiments. The 
mold oxide layer is etched to overlap the bit line structures 165 so that mold oxide 
layer patterns 190 are formed. Here, the mold oxide layer patterns 190 can be formed 
in predetermined intervals, for example, one-pitch or two-pitch. The mold oxide layer 
patterns 190 of FIG. 2 A are arranged in two-pitch intervals and the mold oxide layer 
patterns 190 of FIG. 5 are arranged in one-pitch intervals. In this respect, the mold 
oxide layer patterns 190 in the two-pitch intervals mean that two storage node contact 
plugs 185 are located between two adjacent mold oxide layer patterns 190. In 
addition, the line width of the mold oxide layer patterns 190 may be equal to or less 
than the line width of the bit line structures 165. 

Referring to FIG. 3B, a conductive layer for the storage node electrodes, for 
example, a polysilicon layer, is deposited on the etch stoppers 175 on which the mold 
oxide layer patterns 190 are formed. Next, the polysilicon layer is anisotropically 
etched to form conductive spacers 200 of polysilicon on both walls of the mold oxide 
layer patterns 190. An insulating layer is deposited on the resultant structure and 
anisotropically etched to form insulating spacers 220 on the sidewalls of the 
conductive spacers 200. By repeatedly forming the conductive spacers 200 and the 
insulating spacers 220, the spaces between the mold oxide layer patterns 190 are 
filled. Here, in order to separate unit cells, the last spacers formed between the mold 
oxide layer patterns 190, i.e., the spacers formed at the center points between the mold 
oxide layer patterns 190, are the insulating spacers 220. In addition, the conductive 
spacers 200 are formed to contact the node contact plugs 185. In the present 
embodiments, the spaces between the mold oxide layer patterns 190 are filled by 
forming the conductive spacers 200 twice and forming the insulating spacers 220 
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twice; however, the widths and the numbers of the conductive spacers 200 and the 
insulating spacers 220 can be varied. 

Referring to FIGS. 2B and 3C, the upper surfaces of the mold oxide layer 
patterns 190, the conductive spacers 200, and the insulating spacers 220 are chemical 
mechanical polished to planarize the upper surfaces so that conductive line patterns 
201 and insulating line patterns 221 and 225 are formed between mold oxide layer 
patterns 191. Here, reference numeral 191 denotes the mold oxide layer patterns 
having planarized upper surfaces. And, the conductive line patterns 201 are the 
conductive spacers 220 having planarized upper surfaces, and the insulating line 
patterns 221 and 225 are the insulating spacers 220 having planarized upper surfaces. 
The conductive line patterns 201 respectively contact the storage node contact plugs 
185 and the insulating line patterns 221 and 225 insulate the conductive line patterns 
201. In particular, the insulating line patterns 225 formed on the etch stoppers 175 
separate the conductive line patterns 201 by one pitch, i.e., the size of unit cells, in a 
direction parallel to the bit line structures 165 while insulating the conductive line 
patterns 201. In the present embodiments, each of the storage node contact plugs 185 
includes, for example, two conductive line patterns 201 and one insulating line pattern 
221 therebetween. 

Referring to FIG. 2C, in order to define the storage node electrodes, grooves 
230 are formed by patterning portions of the mold oxide layer patterns 191, the 
conductive line patterns 201, and the insulating line patterns 221 and 225. Here, the 
grooves 230 extend to be perpendicular to the extending direction of the mold oxide 
layer patterns 191, i.e., to be parallel to the word line structures 120. The grooves 230 
are formed between the word line structures 120 on which the drain regions are 
formed in order to secure maximum storage node electrode regions. In other words, a 
couple of word lines 120 are arranged between a couple of adjacent grooves 230 such 
that the grooves 230 open the etch stoppers 175. 

Referring to FIGS. 2D and 4, an insulating layer for supporters is deposited to 
sufficiently bury the grooves 230, and the insulating layer is etched to a height smaller 
than the height of the conductive line patterns 201 so as to form supporters 240. Here, 
the insulating layer for supporters is formed of an insulating layer having an etching 
selectivity different from the etching selectivities of the mold oxide layer patterns 191 
and the insulating line patterns 221 and 225. Accordingly, the insulating layer is wet 
etched to form the supporters 240. 
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Since the supporters 240 are formed in the grooves 230, the supporters 240 
cross through the conductive line patterns 201 so that the supporters 240 separate the 
conductive line patterns 201 according to cell. Furthermore, the supporters 240 
support the conductive line patterns 201, thereby reducing or preventing the 
conductive line patterns 201 from falling or bending toward the adjacent conductive 
line patterns 201. In addition, the supporters 240 have a height smaller than the 
height of the conductive line patterns 201 in order to secure storage node electrode 
capacitance. 

Thereafter, the mold oxide layer patterns 191 and the insulating line patterns 
221 and 225 are removed by a conventional wet etching method. Here, since the 
mold oxide layer patterns 191 and the insulating line patterns 221 and 225 have the 
etching selectivity different from the etching selectivities of the etch stoppers 175 and 
the supporters 240, the mold oxide layer patterns 191 and the insulating line patterns 
221 and 225 are selectively removed. Thus, the storage node electrodes 250 formed 
of the plurality of conductive line patterns 201 are completely formed. 

The storage node electrodes 250 according to the present embodiment are 
formed of a plurality of conductive line patterns 201 having a fine line width so as to 
increase the surface area of the storage node electrodes 250. In addition, the 
supporters 240 separate and support the storage node electrodes 250 according to cell 
so as to reduce or prevent the storage node electrodes 250 from falling or bending 
toward the adjacent storage node electrodes 250. Furthermore, as shown in FIG. 2D, 
the storage node electrodes 250 are extended to the regions corresponding to the drain 
regions (not shown) as well as the regions having the bit line structures 165 so as to 
increase the surface area of the storage node electrodes 250. 

Second Embodiments 

Referring to FIGS. 6A and 7A, an isolation layer 110 is formed on a semiconductor 
substrate 100 as shown in the first embodiment to define active regions 115. Word 
line structures 120 are formed on the semiconductor substrate 100 as follows. After 
subsequently depositing a gate insulating layer 121, word lines 123, and a hard mask 
layer 125, the layers are patterned to be perpendicular to the longer axis of the active 
regions 115. Word line spacers 127 are formed on the sidewalls of the patterned hard 
mask layers 125 and word lines 123 by a conventional method to form the word line 
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structures 120. Here, the hard mask layers 125 and the word line spacers 127 are 
formed of silicon nitride layers having an etching selectivity different from the 
etching selectivity of an interlevel insulating layer of a silicon oxide layer group, 
which will be formed to form self-aligning contact holes in a subsequent process. In 
5 addition, the word line structures 120 extend so as to be parallel with one another and 
a couple of word line structures 120 are arranged on each active region 115. Source 
and drain regions (not shown), a first interlevel insulating layer 130, contact pads 
140a and 140b, a second interlevel insulating layer 170, etch stoppers 175, and 
storage node contact pads 185 are formed in the active regions 115 at both sides of the 

10 word line structures 120 by the method illustrated in the first embodiment. 

A mold oxide layer is formed on the storage node contact plugs 185 and the 
etch stoppers 175 to a predetermined thickness. As described above, the mold oxide 
layer for determining the height of the storage node electrodes is formed to a height 
higher than the desired height of the storage node electrodes by a predetermined 

1 5 height. The portion of the mold oxide layer is etched to expose the storage node 
contact plugs 185, thereby forming mold oxide layer patterns 195. In the present 
embodiments, the mold oxide layer patterns 195 are arranged to be parallel to the 
word line structures 120 while overlapping the drain regions of the active regions 115. 
In addition, the mold oxide layer patterns 195 can be formed in predetermined 

20 intervals, for example, one-pitch or two-pitch. The mold oxide layer patterns 195 of 
FIG. 6A are arranged in two-pitch intervals, and the mold oxide layer patterns 195 of 
FIG. 9 are arranged in one-pitch intervals. Here, the mold oxide layer patterns 195 in 
the two-pitch intervals mean that two storage node contact plugs 185 are located 
between two adjacent mold oxide layer patterns 195, and the mold oxide layer 

25 patterns 195 in the one-pitch intervals mean that one storage node contact plug 185 is 
located between two adjacent mold oxide layer patterns 195. 

Referring to FIGS. 6B and 7B, a conductive layer for the storage node 
electrodes, for example, a doped polysilicon layer, is deposited on the etch stoppers 
175 on which the mold oxide layer patterns 195 are formed as shown in the first 

30 embodiment. The polysilicon layer is anisotropically etched to form conductive 

spacers (not shown) of polysilicon on the both walls of the moid oxide layer patterns 
195. An insulating layer is deposited on the resultant structure and anisotropically 
etched to form insulating spacers (not shown) on the sidewalls of the conductive 
spacers. By repeatedly forming the conductive spacers and the insulating spacers, the 



spaces between the mold oxide layer patterns 195 are filled. Here, the conductive 
spacers contact the storage node contact plugs 185 and the last spacers are the 
insulating spacers. The last spacers are formed on the etch stoppers 175 between the 
storage node contact plugs 185 and the last spacers may have relatively larger line 
width than the other insulating spacers. In the present embodiments, each of the 
spaces between the mold oxide layer patterns 195 is filled by forming the conductive 
spacers four times and forming the insulating spacers four times; however, the widths 
and the numbers of the conductive spacers and the insulating spacers can be 
controlled. 

The upper surfaces of the mold oxide layer patterns 195, the conductive 
spacers, and the insulating spacers are chemical mechanical polished to form 
conductive line patterns 261 and insulating line patterns 271 and 275 between mold 
oxide layer patterns 196. Here, reference numeral 196 denotes the mold oxide layer 
patterns with planarized upper surfaces. The conductive line patterns 261, which are 
the conductive spacers having planarized upper surfaces, contact the storage node 
contact plugs 185. The insulating line patterns 271 on the storage node contact plugs 
185, which are the insulating spacers 220 having planarized upper surfaces, insulate 
the conductive line patterns 261. In addition, the insulating line patterns 275 formed 
on the etch stoppers 175 insulate the conductive line patterns 261 and separate the 
conductive line patterns 261 in a direction parallel to the word line structures 120 by 
one pitch, i.e., cell unit. In the present invention, four conductive line patterns 261 
contact each of the storage node contact plugs 185. 

Referring to FIG. 6C, in order to define the storage node electrodes in each 
cell, grooves 235 are formed by patterning portions of the mold oxide layer patterns 
196, the conductive line patterns 261, and the insulating line patterns 271 and 275. 
Here, the grooves 235 are formed to overlap the bit line structures 165. Accordingly, 
grooves 235 and the insulating spacers 275 separate the conductive line patterns 261 
in units of unit cell. 

Referring to FIGS. 6D and 8, an insulating layer for supporters is deposited to 
sufficiently fill the grooves 235, and the insulating layer is etched to a height smaller 
than the height of the conductive line patterns 261 so as to form supporters 245. In 
some embodiments, the insulating layer filled in the grooves 235 is formed of an 
insulating layer having an etching selectivity different from the etching selectivities of 
the mold oxide layer patterns 196 and the insulating line patterns 271 and 275. Since 
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the supporters 245 cross through the conductive line patterns 261, the supporters 245 
separate the conductive line patterns 261 according to cell. Furthermore, the 
supporters 245 prevent the conductive line patterns 261 from falling or bending 
toward the adjacent conductive line patterns 261. In addition, the supporters 245 are 
5 formed to a height smaller than the height of the conductive line patterns 261 in order 
to secure storage node electrode capacitance. 

Thereafter, the mold oxide layer patterns 196 and the insulating line patterns 
271 and 275 are removed by a conventional wet etching method. Here, since the 
mold oxide layer patterns 196 and the insulating line patterns 271 and 275 have an 
10 etching selectivity different from the etching selectivities of the etch stoppers 175 and 
the supporters 245, the mold oxide layer patterns 196 and the insulating line patterns 
271 and 275 are selectively removed. Thus, storage node electrodes 280 are 
completed. 

The effects of the second embodiments can be the same as those of the first 
15 embodiments. 

Third Embodiments 

FIGS. 10A through 10C are sectional views of stages in the manufacture of a 
semiconductor memory device according to third embodiments of the present 

20 invention. The descriptions of the elements that are the same as the first and second 
embodiments will not be repeated, and the same reference numerals are allotted for 
the same elements of the first and second embodiments. In addition, the present 
embodiments include a method for forming storage node electrodes where the 
processes performed up until forming mold oxide layer patterns are the same as the 

25 processes of the first embodiments, thus the description will begin with the 
subsequent processes. 

Referring to FIG. 10A, a first conductive layer 310 for storage node electrodes 
is formed on etch stoppers 175 on which mold oxide layer patterns 190 are formed. 
Thereafter, an insulating layer 320 is deposited on the first conductive layer 310. 

30 The first conductive layer 310 and the insulating layer 320 are anisotropically 

etched to form first conductive spacers 311 and insulating spacers 321 as shown in 
FIG. 10B. A second conductive layer 330 for storage node electrodes is deposited on 
the resultant structure. Here, the first conductive spacers 311 contact storage node 
contact plugs 185. 
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Next, by anisotropically etching the second conductive layer 330, second 
conductive spacers (not shown) are formed on the sidewalls of the insulating spacers 
321. Here, the second conductive spacers contact the storage node contact plugs 185 
while contacting the sidewalls of the first conductive spacers 311. As shown in FIG. 
10C, the surface of the resultant structure is chemical mechanical polished to form 
first conductive line patterns 312 formed of the first conductive spacers 311 and 
second conductive line patterns 332 formed of the second conductive spacers. Here, 
the first conductive line patterns 312 are formed into an L-shape and portions of the 
second conductive line patterns 332 contact the lower portions of the first conductive 
line patterns 312. Thereafter, the insulating spacers 321 and the mold oxide layer 
patterns 190 are removed by a conventional wet etching method. Accordingly, 
storage node electrodes 300 formed of the first and second conductive line patterns 
312 and 332 are formed. 

Here, the storage node electrodes 300 are formed of two conductive line 
patterns; however, the widths and the numbers of the conductive line patterns can be 
varied. 

In addition, the mold oxide layer is formed to be parallel to the bit line 
structures in the present embodiments; however, the mold oxide layer can be formed 
to be parallel to the word line structures as shown in the second embodiments. 

Fourth Embodiments 

FIG. 12A and 12B are the sectional views cut along lines C-C of FIGS. 1 1A 
and 1 IB, respectively. 

The descriptions of the elements that are the same as the first through third 
embodiments will not be repeated, and the same reference numerals are allotted for 
the same elements of the first through third embodiments. In addition, in the present 
embodiments, the processes performed up until forming storage node contact plugs 
are the same as the processes of the first through third embodiments, thus the 
description will begin with the subsequent processes. 

Referring to FIGS. 1 1 A and 12 A, a mold oxide layer is formed on storage 
node contact plugs 185 and etch stoppers 175 to a predetermined thickness. Here, the 
mold oxide layer for determining the height of storage node electrodes can be formed 
to the desired height of the storage node electrodes. Thereafter, portions of the mold 
oxide layer are dry etched to form a plurality of mold oxide layer patterns 400. Here, 
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the mold oxide layer patterns 400 are formed in, for example, one-pitch intervals, 
while being formed in the shape of waves on a plan view. In other words, ridge 
portions Xi of the mold oxide layer patterns 400 located between the storage node 
contact plugs 185 and valley portions X2 of the mold oxide layer patterns 400 are 
5 located on drain regions, which correspond to first contact pads 140a, or on an 
isolation layer 110 corresponding to the drain regions. When connecting the ridge 
portions Xi of the wave-shaped mold oxide layer patterns 400, straight lines are 
formed. In addition, in some embodiments, the straight lines are parallel to bit lines 
structures 165. 

10 As shown in FIGS. 11 B and 12B, a conductive layer 410 for storage node 

electrodes, for example, a doped polysilicon layer, is deposited on etch stoppers 175 
on which the wave-shaped mold oxide layer patterns 400 are formed, and a buffer 
insulating layer 420 is deposited on the conductive layer 410 for storage node' 
electrodes. Thereafter, a chemical mechanical polishing is performed to expose the 

15 mold oxide layer patterns 400. Accordingly, the conductive layer 410 for storage 
node electrodes remains in a region defined by the mold oxide layer patterns 400. 
Here, the sidewalls of the remaining conductive layer 410 for storage node electrodes 
have the same wave shape as the mold oxide layer patterns 400. 

Next, as shown in FIGS. 1 1C and 13, grooves 430 are formed by dry etching 

20 portions of the mold oxide layer patterns 400, the conductive layer 410 for storage 
node electrodes, and the insulating layer 420 in order to separate the storage node 
electrodes by cell. Here, the grooves 430 are formed between word line structures 
120, on which drain regions (not shown) are formed, while being perpendicular to the 
extending direction of the mold oxide layer patterns 400, i.e., the direction of bit line 

25 structures. It is preferable that the grooves 430 pass through the valley portions X 2 of 
the mold oxide layer patterns 400. 

Thereafter, as shown in FIGS. I ID and 14, an insulating layer for supporters is 
deposited to sufficiently fill the grooves 430. Here, the insulating layer for supporters 
can be formed of the same material as the etch stoppers 175, for example, a silicon 

30 nitride layer. The insulating layer is wet or dry etched to a predetermined thickness so 
that the insulating layer is remained in the grooves 430 to a height smaller than the 
height of the conductive layer 410 for storage node electrodes or the mold oxide layer 
patterns 400. Accordingly, supporters 440 are formed. 
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The mold oxide layer patterns 400 and the insulating layer 420 are removed by 
a conventional wet etching method to form storage node electrodes 425. Here, since 
the etch stoppers 175 are formed on the resultant structure on the semiconductor 
substrate 100 and the etching selectivity of the supporters 440 is different from the 
5 etching selectivities of the mold oxide layer patterns 400 and the insulating layer 420, 
only the mold oxide layer patterns 400 and the insulating layer 420 are selectively 
removed. Thus, the storage node electrodes 425 are defined in units of each celL In 
other words, the storage node electrodes 425 are separated in units of each cell by the 
supporters 440 in a direction parallel to the word lines. In addition, the supporters 
10 440 formed in specific intervals support the storage node electrodes 425, which are 
formed into wave-shaped line patterns. Therefore, the narrow and high storage node 
electrodes 425 are prevented from falling toward the adjacent storage node electrodes 
425. 

According to the present embodiments, since the storage node electrodes 425 
15 are formed in the wave shape, the surface area of the storage node electrodes 425 

increases. In addition, since the storage node electrodes 425 are extended to the drain 
regions or the regions corresponding to the drain regions, the surface area of the 
storage node electrodes 425 further increases. 

Furthermore, since the supporters 440 are formed to separate the storage node 
20 electrodes 425 in units of each cell, the storage node electrodes 425 are reduced or 
prevented from falling or bending toward the adjacent storage node electrodes 425. 

Here, the mold oxide layer patterns can be formed by changing the intervals of 
the wave as shown in FIG. 15. 

Referring to FIG. 15, mold oxide layer patterns 450 are formed in the shape of 
25 waves in a plan view. Here, ridge portions X3 and valley portions X4 are formed to be 
located between storage node contact plugs 185. In this case, lines formed by 
connecting the ridge portions X3 and lines formed by connecting the valley portions 
X4 are parallel with one another by a predetermined distance, which is wider than the 
width of the active regions. 
30 If the wave shape of the mold oxide layer patterns 450 is changed, the same 

effect is attained. 

In addition, as shown in FIG. 16, mold oxide layer patterns 500 may be 
formed in two-pitch intervals. In other words, the mold oxide layer patterns 500 are 
arranged in two-pitch intervals as shown in the first embodiment while being formed 
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in the shape of waves on a plan view. For example, in the mold oxide layer patterns 
500, ridge portions Xi may be located between storage node contact plugs 185, and 
valley portions X2 may be located on drain regions, i.e., first contact regions, or on an 
isolation layer 1 10 corresponding to the drain regions. If the mold oxide layer 
patterns 500 in two-pitch intervals are formed, the same effect is attained. 

In addition, storage node electrodes 425 can be formed by the method 
performed in the third embodiments. 

Fifth Embodiments 

FIGS. 17A and 17B are plan views of stages in the manufacture of a 
semiconductor memory device according to fifth embodiments of the present 
invention. The processes performed up until forming etch stoppers 175 are the same 
as the processes of the first and second embodiments, thus the description will begin 
with the subsequent processes. 

Referring to FIGS. 17 A, mold oxide layer patterns 600 are formed in the shape 
of waves in a plan view, on etch stoppers 175. Here, the mold oxide layer patterns 
600 can be formed in, for example, one-pitch intervals. In other words, lines formed 
by connecting ridge portions X 5 or valley portions X* of the mold oxide layer patterns 
600 are substantially parallel to word line structures 120. In addition, the mold oxide 
layer patterns 600 are formed to expose each of the storage node contact plugs 185 
between the adjacent mold oxide layer patterns 600 on the same lines. The mold 
oxide layer patterns 600 are formed on regions without storage node contact plugs, 
i.e., on drain regions and on an isolation layer 110 corresponding to the drain regions. 

A plurality of conductive line patterns 610 and insulating line patterns 620 are 
alternately formed between the mold oxide layer patterns 600. Here, the plurality of 
conductive line patterns 610 and insulating line patterns 620 are formed into waves 
according to the wave-shaped mold oxide layer patterns 600. In this case, the 
conductive line patterns 610 and the insulating line patterns 620 are formed by the 
above-described methods. 

As shown in FIG. 17B, portions of the mold oxide layer patterns 600, the 
conductive line patterns 610, and the insulating line patterns 620 are etched to form 
grooves 630. The grooves 630 are formed on regions, which overlap bit line 
structures 165, in order to separate the conductive line patterns 610 in units of each 
cell. Here, the conductive line patterns 610 are defined in units of each cell by the 



19 



grooves 630 and the mold oxide layer pattern 600, and the conductive line patterns 
610 are formed into waves while contacting the storage node contact plugs 185. 

Thereafter, supporters (not shown) are formed in the grooves 630 by the 
above-described method. The mold oxide layer patterns 600 and the insulating line 
5 patterns 620 are etched to form storage node electrodes 625. 

If the mold oxide layer patterns 600 are formed to be parallel to the word line 
structures 120, the same effect may be attained. 

As shown in FIG. 18, the same effect may be attained by forming the mold 
oxide layer patterns 700 into waves in two-pitch intervals. 
10 As described above, according to embodiments of the present invention, 

storage node electrodes are formed in a plurality of line pattern types having a fine 
line width. Thus, the surface area of the storage node electrodes can increase. In 
addition, the supporters formed of an insulating layer are formed to be perpendicular 
to the extending direction of the line patterns of the storage node electrodes. 
1 5 Therefore, the supporters separate the storage node electrodes in units of each cell, 

and the supporters support the storage node electrodes, thereby reducing or preventing 
the storage node electrodes from falling or bending toward the adjacent storage node 
electrodes. 

Furthermore, the regions for forming the storage node electrodes may be 
20 increased so that the surface area of the storage node electrodes may be increased. 

While this invention has been particularly shown and described with reference 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
spirit and scope of the invention as defined by the appended claims. 
25 In the drawings and specification, there have been disclosed typical preferred 

embodiments of the invention and, although specific terms are employed, they are 
used in a generic and descriptive sense only and not for purposes of limitation, the 
scope of the invention being set forth in the following claims. 
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CLAIMS: 

1 . A semiconductor memory device comprising: 
a semiconductor substrate; 

an interlevel insulating layer on the semiconductor substrate; 
5 storage node contact plugs in the interlevel insulating layer; and 

storage node electrodes, which comprise a plurality of conductive line patterns 
separated in predetermined intervals while having a predetermined height, contacting 
the storage node contact plugs; 

wherein, the storage node electrodes are separated by insulating line patterns 
10 between selected storage node electrodes in units of a unit cell of the memory device. 

2. The semiconductor memory device of claim 1, further comprising 
supporters between the storage node electrodes, the supporters extending 
perpendicular to an extending direction of the conductive line patterns of the storage 

1 5 node electrodes. 

3. The semiconductor memory device of claim 1 or 2, wherein the line 
patterns comprise straight lines on a plan view. 

20 4. The semiconductor memory device of claim 1 or 2, wherein the line 

patterns comprise waves on a plan view. 

5. The semiconductor memory device of claim 2, wherein the supporters 
have a height smaller than the height of the line patterns. 

25 

6. The semiconductor memory device of claim 2, wherein the supporters 
comprise insulating layers. 

7. The semiconductor memory device of any preceding claim, wherein 
30 etch stoppers are further included on the interlevel insulating layer and the storage 

node contact plugs extend to the surfaces of the etch stoppers. 

8. A semiconductor memory device comprising: 
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a semiconductor substrate including a plurality of active regions, a plurality of 
word line structures passing over the active regions, source and drain regions on the 
active regions at respective sides of the word line structures, and a plurality of bit line 
structures crossing the word line structures, electrically connecting to the drain 
regions, and passing between the active regions; 

an interlevel insulating layer on the semiconductor substrate; 
etch stoppers on the interlevel insulating layer; 

storage node contact plugs in the interlevel insulating layer and the etch 
stoppers; 

storage node electrodes, which comprise a plurality of conductive line patterns 
separated in predetermined intervals while having a predetermined height, contacting 
the storage node contact plugs; and 

supporters between the storage node electrodes, the supporters extending 
perpendicular to an extending direction of the line patterns of the storage node 
electrodes; 

wherein, the plurality of line patterns comprise straight lines. 

9. The semiconductor memory device of claim 8, wherein the conductive 
line patterns are extended to be substantially parallel to the bit line structures; and 

20 the supporters are substantially parallel to the word line structures and pass 

over the drain regions between the word line structures and an isolation layer 
corresponding to the drain regions. 

10. The semiconductor memory device of claim 8 or 9, wherein the 
25 conductive line patterns are extended to be substantially parallel to the word line 

structures; and 

the supporters are substantially parallel to the bit line structures and overlap 
each of the bit line structures. 

30 11. The semiconductor memory device of claim 8, 9 or 10, wherein the 

supporters have a height smaller than the height of the line patterns. 

12. The semiconductor memory device of any of claims 8 to 1 1, wherein 
the supporters comprise insulating layers. 

22 
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13. A semiconductor memory device comprising: 

a semiconductor substrate including a plurality of active regions, a plurality of 
word line structures passing over the active regions, source and drain regions on the 
active regions at respective sides of the word line structures, and a plurality of bit line 
structures crossing the word line structures, electrically connecting to the drain 
regions, and passing between the active regions; 

an interlevel insulating layer on the semiconductor substrate; 

etch stoppers on the interlevel insulating layer; 

storage node contact plugs in the interlevel insulating layer and the etch 
stoppers; 

storage node electrodes, which comprise a plurality of conductive line patterns 
separated in the same intervals while having a specific height, contacting the storage 
node contact plugs; and 

supporters between the storage node electrodes and extending perpendicular to 
an extending direction of the line patterns of the storage node electrodes; 

wherein, the plurality of line patterns comprise waves in a plan view. 

14. The semiconductor memory device of claim 13, wherein the 
conductive line patterns are extended to be substantially parallel to the bit line 
structures; and 

the supporters are substantially parallel to the word line structures and pass 
over the drain regions between the word line structures and an isolation layer 
corresponding to the drain regions. 

15. The semiconductor memory device of claim 13 or 14, wherein the 
conductive line patterns are extended to be substantially parallel to the word line 
structures; and 

the supporters are substantially parallel to the bit line structures and overlap 
each of the bit line structures. 

16. The semiconductor memory device of claim 13, 14 or 15, wherein the 
supporters have a height smaller than the height of the line patterns. 
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1 7. The semiconductor memory device of any of claims 1 3 to 16, wherein 
the supporters comprise insulating layers. 

18. A method of manufacturing a semiconductor memory device, the 
method comprising: 

depositing an interlevel insulating layer on a semiconductor substrate; 

forming a plurality of storage node contact plugs in the interlevel insulating 
layer in specific intervals; 

forming mold oxide layer patterns on the interlevel insulating layer in specific 
intervals to expose the storage node contact plugs; 

filling the spaces between the mold oxide layer patterns by alternately forming 
conductive line patterns and insulating line patterns, repeatedly, on sidewalls of the 
mold oxide layer patterns; 

forming grooves perpendicular to the mold oxide layer patterns by etching 
portions of the mold oxide layer patterns, the conductive line patterns, and the 
insulating line patterns; and 

forming storage node electrodes by selectively removing the mold oxide layer 
patterns and the insulating line patterns. 

1 9. The method for manufacturing a semiconductor memory device of 
claim 18, wherein the mold oxide layer patterns are formed so that each of the storage 
node plugs are between adjacent mold oxide layer patterns. 

20. The method for manufacturing a semiconductor memory device of 
claim 18, 19 or 20, wherein the mold oxide layer patterns are formed so that two 
storage node plugs are between the adjacent mold oxide layer patterns on the same 
lines. 

21 . The method for manufacturing a semiconductor memory device of 
claim 18, 19 or 20, wherein the mold oxide layer patterns are formed into straight 
lines in a plan view. 

22. The method for manufacturing a semiconductor memory device of 
claim 18, 19 or 20, wherein the mold oxide layer patterns are formed in the shape of 
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waves on a plan view in order to form the conductive line patterns into waves in the 
plan view. 

23. The method for manufacturing a semiconductor memory device of any 
5 of claims 1 8 to 22, wherein the filling of the spaces between the mold oxide layer 
patterns using the conductive line patterns and the insulating line patterns comprises: 

forming conductive spacers on the sidewalls of the mold oxide layer patterns; 

forming insulating spacers on the sidewalls of the conductive spacers; 

repeating the forming of the conductive spacers and the forming of the 
1 0 insulating spacers at least once; and 

chemical mechanical polishing the mold oxide layer, the conductive spacers, 
and the insulating spacers to form the conductive line patterns and the insulating line 
patterns. 

1 5 24. The method for manufacturing a semiconductor memory device of 

claim 23, wherein the conductive spacers are formed to contact the storage node 
contact plugs. 

25. The method for manufacturing a semiconductor memory device of 
20 claim 23 or 24, wherein the insulating spacers are finally formed when repeatedly 

forming the conductive spacers and the insulating spacers. 

26. The method for manufacturing a semiconductor memory device of any 
of claims 1 8 to 22, wherein the filling of the spaces between the mold oxide layer 

25 patterns using the conductive line patterns and the insulating line patterns comprises: 

depositing a first conductive layer on the interlevel insulating layer and the 
mold oxide layer patterns; 

forming an insulating layer on the first conductive layer; 

forming first conductive spacers and insulating spacers by anisotropically 
30 etching the insulating layer and the first conductive layer; 

forming second conductive spacers on the sidewalls of the insulating spacers; 

and 

chemical mechanical polishing the mold oxide layer patterns, the first 
conductive spacers, the insulating spacers, and the second conductive spacers. 
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27. The method for manufacturing a semiconductor memory device of 
claim 18, further comprising forming supporters in the grooves between the forming 
of the grooves and the forming of the storage node electrodes. 



28. The method for manufacturing a semiconductor memory device of 
claim 27, wherein the forming supporters comprises: 

depositing an insulating layer to fill the grooves; and 

etching the insulating layer so the insulating layer remains in the grooves. 

10 

29. The method for manufacturing a semiconductor memory device of 
claim 28, wherein the insulating layer is etched by a wet etching method. 

30. The method for manufacturing a semiconductor memory device of 

1 5 claim 28 or 29, wherein the insulating layer is etched to have a height smaller than the 
height of the conductive line patterns. 

3 1 . The method for manufacturing a semiconductor memory device of 
claim 28, 29 or 30, wherein the insulating layer comprising the supporters has an 

20 etching selectivity different from the etching selectivities of the mold oxide layer 
patterns and the insulating line patterns. 

32. A method for manufacturing a semiconductor memory device, the 
method comprising: 

25 preparing a semiconductor substrate including a plurality of active regions, a 

plurality of word line structures passing over the active regions, source and drain 
regions formed on the active regions at respective sides of the word line structures, 
and a plurality of bit line structures crossing the word line structures, electrically 
connecting to the drain regions, and passing between the active regions; 
30 forming an interlevel insulating layer on the semiconductor substrate; 

forming etch stoppers on the interlevel insulating layer; 
forming storage node contact plugs in the interlevel insulating layer and the 
etch stoppers at specific intervals; 
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forming a plurality of mold oxide layer patterns on the etch stoppers at 
specific intervals to expose the storage node contact plugs; 

filling spaces between the mold oxide layer patterns by alternately forming at 
least one conductive line pattern and insulating line pattern on the side walls of the 
5 mold oxide layer patterns in order to follow the shape of the mold oxide layer 
patterns; 

forming grooves substantially perpendicular to the mold oxide layer patterns 
by etching portions of the mold oxide layer patterns, the conductive line patterns, and 
the insulating line patterns; 
10 forming supporters in the grooves; and 

forming storage node electrodes by selectively removing the mold oxide layer 
patterns and the insulating line patterns; 

wherein the mold oxide layer patterns extend into straight lines and the mold 
oxide layer patterns and the supporters separate the storage node electrodes in units of 
15 each cell. 

33. The method for manufacturing a semiconductor memory device of 
claim 32, wherein the mold oxide layer patterns are formed so that each of the storage 
node plugs is between the adjacent mold oxide layer patterns. 

20 

34. The method for manufacturing a semiconductor memory device of 
claim 32, wherein the mold oxide layer patterns are formed so that two storage node 
plugs are between the adjacent mold oxide layer patterns on the same lines. 

25 35. The method for manufacturing a semiconductor memory device of 

claim 32, 33 or 34, wherein the mold oxide layer patterns are formed to be parallel to 
the bit line structures. 

36. The method for manufacturing a semiconductor memory device of 
30 claim 32, 33 or 34, wherein the mold oxide layer patterns are formed to be parallel to 

the word line structures. 

37. The method for manufacturing a semiconductor memory device of 
claim 36, wherein the mold oxide layer patterns are formed on the drain regions 
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between the word line structures and an isolation layer region corresponding to the 
drain regions. 

38. The method for manufacturing a semiconductor memory device of any 
of claims 32 to 37, wherein the filling of the spaces between the mold oxide layer 
patterns using the conductive line patterns and the insulating line patterns comprises: 

forming conductive spacers on the sidewalk of the mold oxide layer patterns; 

forming insulating spacers on the sidewalls of the conductive spacers; 

repeating the forming of the conductive spacers and the forming of the 
insulating spacers at least once; and 

chemical mechanical polishing the mold oxide layer, the conductive spacers, 
and the insulating spacers to form the conductive line patterns and the insulating line 
patterns. 

39. The method for manufacturing a semiconductor memory device of 
claim 38, wherein the conductive spacers are formed to contact the storage node 
contact plugs. 

40. The method for manufacturing a semiconductor memory device of 
claim 38 or 39, wherein the insulating spacers are finally formed in the repeatedly 
forming the conductive spacers and the insulating spacers. 

4 1 . The method for manufacturing a semiconductor memory device of any 
of claims 32 to 37, wherein the filling spaces between the mold oxide layer patterns 
using the conductive line patterns and the insulating line patterns comprises: 

depositing a first conductive layer on the interlevel insulating layer and the 
mold oxide layer patterns; 

forming an insulating layer on the first conductive layer; 

forming first conductive spacers and insulating spacers by anisotropically 
etching the insulating layer and the first conductive layer; 

forming second conductive spacers on the sidewalls of the insulating spacers; 

and 

chemical mechanical polishing the mold oxide layer patterns, the first 
conductive spacers, the insulating spacers, and the second conductive spacers. 
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42. The method for manufacturing a semiconductor memory device of 
claim 32, wherein the forming supporters comprises: 

depositing an insulating layer to fill the grooves; and 

etching the insulating layer so the insulating layer remains in the grooves. 

43. The method for manufacturing a semiconductor memory device of 
claim 42, wherein the insulating layer is etched by a wet etching method. 

44. The method for manufacturing a semiconductor memory device of 
claim 42 or 43, wherein the insulating layer is etched to have a height smaller than the 
height of the conductive line patterns. 

45. The method for manufacturing a semiconductor memory device of 
claim 42, 43 or 44, wherein the insulating layer composing the supporters has an 
etching selectivity different from the etching selectivities of the mold oxide layer 
patterns and the insulating line patterns. 

46. A method for manufacturing a semiconductor memory device, the 
method comprising: 

preparing a semiconductor substrate including a plurality of active regions, a 
plurality of word line structures passing over the active regions, source and drain 
regions formed on the active regions at respective sides of the word line structures, 
and a plurality of bit line structures crossing the word line structures, electrically 
connecting to the drain regions, and passing between the active regions; 

forming an interlevel insulating layer on the semiconductor substrate; 

forming etch stoppers on the interlevel insulating layer; 

forming storage node contact plugs in the interlevel insulating layer and the 
etch stoppers at specific intervals; 

forming a plurality of mold oxide layer patterns, which are formed in the 
shape of waves in a plan view, on the etch stoppers to expose the storage node contact 
plugs; 

filling spaces between the mold oxide layer patterns by alternately forming at 
least one conductive line pattern and insulating line pattern on the sidewalls of the 
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mold oxide layer patterns in order to follow the shape of the mold oxide layer 
patterns; 

forming grooves substantially perpendicular to the mold oxide layer patterns 
by etching portions of the mold oxide layer patterns, the conductive line patterns, and 
the insulating line patterns; 

forming supporters in the grooves; and 

forming storage node electrodes by selectively removing the mold oxide layer 
patterns and the insulating line patterns; 

wherein the mold oxide layer patterns and the supporters separate the storage 
node electrodes in units of each cell. 



47. The method for manufacturing a semiconductor memory device of 
claim 46, wherein the mold oxide layer patterns are formed to expose each of the 
storage node plugs between the adjacent mold oxide layer patterns on the same lines. 

48. The method for manufacturing a semiconductor memory device of 
claim 46 or 47, wherein the mold oxide layer patterns are formed to expose two 
storage node plugs between the adjacent mold oxide layer patterns on the same lines. 

49. The method for manufacturing a semiconductor memory device of 
claim 46, 47 or 48, wherein the mold oxide layer patterns are formed along an 
extending direction of the bit line structures. 

50. The method for manufacturing a semiconductor memory device of 
claim 49, wherein ridge portions of the mold oxide layer patterns are located between 
the storage node contact plugs, and valley portions of the mold oxide layer patterns 
are located on the drain regions between the word line structures or an isolation layer 
corresponding to the drain regions. 

5 1 The method for manufacturing a semiconductor memory device of 
claim 50, wherein lines formed by connecting the ridge portions of the mold oxide 
layer patterns are straight lines parallel to the bit line structures. 
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52. The method for manufacturing a semiconductor memory device of 
claim 49, wherein ridge portions and valley portions of the mold oxide layer patterns 
are located between the storage node contact plugs, respectively. 

53. The method for manufacturing a semiconductor memory device of 
claim 48, wherein the mold oxide layer patterns are formed along an extending 
direction of the word line structures. 

54. The method for manufacturing a semiconductor memory device of 
claim 48, wherein the mold oxide layer patterns are formed on the drain regions 
between the word line structures and an isolation layer region corresponding to the 
drain regions. 

55. The method for manufacturing a semiconductor memory device of 
claim 54, wherein lines formed by connecting ridge portions of the mold oxide layer 
patterns are straight lines parallel to the word line structures. 

56. The method for manufacturing a semiconductor memory device of any 
of claims 46 to 55, wherein the filling spaces between the mold oxide layer patterns 
using the conductive line patterns and the insulating line patterns comprises: 

depositing a conductive layer for storage node electrodes on the interlevel 
insulating layer; 

depositing an insulating layer on the conductive layer for storage node 
electrodes; and 

chemical mechanical polishing the conductive layer for storage node 
electrodes and the insulating layer. 

57. The method for manufacturing a semiconductor memory device of any 
of claims 46 to 55, wherein the filling spaces between the mold oxide layer patterns 
using the conductive line patterns and the insulating line patterns comprises: 

forming conductive spacers on the sidewalls of the mold oxide layer patterns; 
forming insulating spacers on the sidewalls of the conductive spacers; 
repeating the forming of the conductive spacers and the forming of the 
insulating spacers at least once; and 
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chemical mechanical polishing the mold oxide layer, the conductive spacers, 
and the insulating spacers to form the conductive line patterns and the insulating line 
patterns. 

58. The method for manufacturing a semiconductor memory device of 
claim 57, wherein the conductive spacers are formed to contact the storage node 
contact plugs. 

59. The method for manufacturing a semiconductor memory device of 
claim 57 or 58, wherein the insulating spacers are finally formed when repeatedly 
forming the conductive spacers and the insulating spacers. 

60. The method for manufacturing a semiconductor memory device of any 
of claims 46 to 55, wherein the filling spaces between the mold oxide layer patterns % 
using the conductive line patterns and the insulating line patterns comprises: 

depositing a first conductive layer on the interlevel insulating layer and the 
mold oxide layer patterns; 

forming an insulating layer on the first conductive layer; 

forming first conductive spacers and insulating spacers by anisotropically 
etching the insulating layer and the first conductive layer; 

forming second conductive spacers on the sidewalls of the insulating spacers; 

and 

chemical mechanical polishing the mold oxide layer patterns, the first 
conductive spacers, the insulating spacers, and the second conductive spacers. 

6 1 . The method for manufacturing a semiconductor memory device of 
claim 46, wherein the forming of the supporters comprises: 

depositing an insulating layer that fills the grooves; and 

etching the insulating layer so the insulating layer remains in the grooves. 

62. The method for manufacturing a semiconductor memory device of 
claim 61, the insulating layer is etched by a wet etching method. 
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63. The method for manufacturing a semiconductor memory device of 
claim 61 or 62, wherein the insulating layer is etched to have a height smaller than the 
height of the conductive line patterns. 

64. The method for manufacturing a semiconductor memory device of 
claim 61, 62 or 63, wherein the insulating layer composing the supporters has an 
etching selectivity different from the etching selectivities of the mold oxide layer 
patterns and the insulating line patterns. 

65. A storage node for a semiconductor memory device comprising: 

a pair of spaced apart mold oxide layer patterns on a semiconductor memory 
device substrate that define facing mold oxide layer pattern sidewalls; 

a pair of first conductive spacers, a respective one of which is on a respective 
one of the facing mold oxide layer pattern sidewalls and face one another; 

a pair of first insulating spacers, a respective one of which is on a respective 
one of the pair of first conductive spacers, opposite the respective one of the facing 
mold oxide layer pattern sidewalls; 

a pair of second conductive spacers, a respective one of which is on a 
respective one of the pair of first insulating spacers, opposite the respective one of the 
pair of first conductive spacers; and 

at least one second insulating spacer between the pair of second conductive 
spacers. 

66. A storage node according to Claim 65 wherein the at least one 
insulating spacer is a single insulating spacer that extends between the pair of second 
conductive spacers. 

67. A storage node for a semiconductor memory device comprising: 

a plurality of freestanding storage node electrodes that project away from a 
semiconductor memory substrate by a first distance; and 

a supporter that is configured to support at least one of the freestanding 
storage node electrodes and that projects away from the semiconductor memory 
substrate by a second distance that is less than the first distance. 
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68. A storage node according to Claim 67 wherein the plurality of 
freestanding storage nodes extend along two spaced apart rows and wherein the 
supporter extends between the two spaced apart rows. 



5 69. A method of fabricating a storage node for a semiconductor memory 

device comprising: 

forming spaced apart mold oxide layer patterns on a semiconductor memory 
device substrate that define facing mold oxide layer pattern sidewalls; 

forming a first conductive spacer on each of the facing mold oxide layer 
10 pattern sidewalls; 

forming a first insulating spacer on each of the first conductive spacers, 
opposite the respective one of the facing mold oxide pattern sidewalls; 

forming a second conductive spacer on each of the first insulating spacers, 
opposite the respective one of the pair of first conductive spacers; and 
1 5 forming at least one second insulating spacer between the pair of second 

conductive spacers. 



70. A method according to Claim 69 wherein the forming a first 
conductive spacer comprises: 

20 conformally forming a first conductive layer on each of the facing mold oxide 

layer pattern sidewalls and on the semiconductor memory device substrate 
therebetween; and 

aniso tropically etching the first conductive layer to remove at least some of the 
first conductive layer that is on the semiconductor memory device substrate 
25 therebetween to define the first conductive spacers. 

71. A method according to Claim 70 wherein the forming a first insulating 
spacer comprises: 

conformally forming a first insulating layer on each of the first conductive 
30 spacers and on the semiconductor memory device substrate therebetween; and 

anisotropically etching the first insulating layer to remove at least some of the 
first insulating layer that is on the semiconductor memory device substrate 
therebetween to define the first insulating spacers. 
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72. A method according to Claim 71 wherein the forming a second 
conductive spacer comprises: 

conformally forming a second conductive layer on each of the first insulating 
spacers and on the semiconductor memory device substrate therebetween; and 

anisotropicaily etching the second conductive layer to remove at least some of 
the second conductive layer that is on the semiconductor memory device substrate " 
therebetween to define the second conductive spacers. 

73. A method of fabricating a storage node for a semiconductor memory 
device comprising: 

forming a plurality of freestanding storage node electrodes that project away 
from a semiconductor memory substrate by a first distance; and 

forming a supporter that is configured to support at least one of the 
freestanding storage node electrodes and that projects away from the semiconductor 
memory substrate by a second distance that is less than the first distance. 

74. A method according to Claim 73 wherein the plurality of freestanding 
storage nodes extend along two spaced apart rows and wherein the supporter extends 
between the two spaced apart rows. 
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